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Abstract of JP4326992 

PURPOSETo control a blow amount of air for keeping the DO concn. of an aeration tank constant by 
mounting an operation means calculating the correction factor to the set value of the blow amount of air 
firom a DO deviation value, a DO change rate and air magnification by inference and an operation 
means calculating the set value of the blow amount of air from an air amount indicated value, an air 
blow amount correction value and the correction fector. CONSTITUTION:A DO densitometer 6 is 
arranged to an aeration tank 2 and the indication value CPV thereof is transmitted to a control 
apparatus 7 along with the Indication value OS of a flowmeter 1 and the indication value OA of an 
airflow meter 3 and the control apparatus 7 calculates the objective value QSV of the blow amount of 
air by operation and, on the basis of this value, the air amount of a blower 4 is controlled. The 
correction factor K correcting the set value of the blow amount of air is inputted to an operation means 
12 calculating an air blow amount set value QAN along with the indication value QA of the airflow 
meter 3 and the air blow amount correction value (g) being the output of an operation means 1 1 . The 
calculated air blow amount set value QAN is set to the blower 4 from the control apparatus 7 and the 
blow amount of air of the blower 4 is controlled on the basis of the set value QAN. 
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Full English translation of text portions of 
JP-A-4-326992 (Ref.l) 

(page 2, left colunui, line 1 to page 4, right column, line 2) 

SPECIFICATION 

[Title] 

CONTROL APPARATUS OF WATER TREATMENT PLANT 
[Claims] 

1 . A control apparatus of water treatment plant for 
purifying raw water using an aeration tank, comprising: 
operation means calculating a deviation value of DO that is 
difference between indication value and objective value of 
DO concentration in the aeration tan]^/ operation means 
calculating a change rate of the DO that is a changing 
speed of an indication value of the DO concentration; 
operation means calculating air magnification that is 
indication value of a flow amount of air send into the 
aeration tank divided by indication value of a flow amount 
of raw water; operation means calculating air blow amount 
correction value by the calculated DO deviation value, DO 
change rate, and multiplication constant of air; operation 
means calculating a correction factor for the air blow 
amount correction value by means of inference using the 
calculated DO deviation value, the DO change rate, and the 
air magnification; and operation means calculating air blow 
amount set value by the indication value of the flow amount 
of air, the air blow amount correction value, and the 
correction factor. 

[Detailed Description of Invention] 

[0001] 

(Object of the Invention) 
[0002] 

[Industrial Applicability] 

The present invention relates to a control apparatus 
of a water treatment plant for purifying raw water such as 
sewage or natural water using an aeration tank, in 
particular it relates to control of the blow amount of air 
for keeping DO (dissolved oxygen) concentration of the 
aeration tank to be constant. 

[0003] 
[Prior Art] 
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In a water treatment plant for purifying natural 
water containing large quantities of reductive inorganic 
substances such as iron- ion or manganese- ion, or for 
treating sewage such as common black water or organic 
wastewater, using active sludge, the natural water or 
sewage flown into an aeration tank is oxidized by being 
aerated, and made into oxides or sludge and solidified, and 
the solid matter is separated from water in a settling 
basin or filtration basin, thus, resulting in clean water. 
In such a water treatment plant, a condition of aeration 
that is DO concentration in the aeration tank, affects the 
effect of purification, the stability of operation, and the 
amount of energy consumption. In other words, in order to 
reduce the amount of energy consumption by enhancing the 
effect of purification and preventing over aeration, it is 
necessary to keep the DO concentration of the aeration tank 
to be a constant value. 

[0004] 

Conventionally, there have been control methods for 
keeping the DO concentration constant; such as a feed back 
control method in which a DO densitometer is provided, and 
the air blow amount is automatically adjusted so that 
indication value of the meter to be objective value; a 
cascade control method in which the controlling output in 
feed back control is corrected depending on the flow amount 
of the raw water; and further a method in which, in the 
feed back control or cascade control, the deviation of the 
DO concentration (the difference between the objective value 
of the DO concentration and the indication value of the DO 
densitometer) that is the controlling input thereof is 
corrected by the other process value of the aeration tank, 
e.g. the concentration of suspended solids. 

[0005] 

[Problems to be solved by the Invention] 

However, all of the above mentioned prior art 
examples are based on feed back control by a PID regulator 
etc., thus, there is necessarily delay in response. 
Therefore, although when fluctuation in load such as the 
flowing amount of the raw water, the concentration of 
organic substances, or the concentration of reductive 
inorganic substances, that is the disturbance of control, 
is relatively small, the delay is compensated in 
sufficiently short time, when the disturbance becomes large 
due to heavy rain etc., not only the delay in response but 
also an overshooting or vibration phenomenon occurs, thus, 
disabling the DO concentration of the aeration tank to be 
controlled to be objective value. 
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[0006] 

Further, although there is a method using on-off 
control in which when the indication value of the DO 
densitometer is equal to or smaller than predetermined 
value, air is blown, and when the indication value is equal 
to or greater than the predetermined value, air blow is 
stopped, in this case there is also a problem in that since 
the delay in response is also large, if abrupt fluctuation 
in load due to heavy rain etc. occurs, air blowing is 
delayed, causing the DO concentration to be reduced 
significantly, and on the contrary, when the heavy rain is 
stopped the load decreases abruptly to cause an over 
aeration state, causing the DO concentration to be 
increased abnoinnally. 

[0007] 

The present invention is performed in consideration 
of the above problems in the prior art methods, and the 
object of the present invention is to provide a reasonable 
control apparatus of water treatment plant which can 
control the blow amount of air in higher accuracy and more 
stably against fluctuation in load. 

(Constitution of the Invention) 
[0008] 

[Means for solving the Problems and Action] 

In the present invention, the control apparatus of 
water treatment plant for purifying raw water using an 
aeration tank, includes: operation means calculating a DO 
deviation value that is difference between indication value 
and objective value of DO concentration in the aeration 
tank; operation means calculating DO change rate that is 
the changing speed of the indication value of the DO 
concentration; operation means calculating air 
magnification that is indication value of an airflow meter 
measuring the flow amount of air sent into the aeration 
tank divided by indication value of a flowmeter measuring 
the flow amount of raw water flowing into the aeration 
tank; operation means calculating air blow amount 
correction value using the calculated DO deviation value; 
operation means calculating a correction factor to the set 
value of the blow amount of air from the DO deviation 
value, the DO change rate, and the air magnification by 
inference; and operation means calculating set value of t 
the blow amount of air from an air amount indication value, 
the air blow amount correction value, and the correction 
factor, and the inference of the above correction factor is 
performed using fuzzy theory and by adding experimental 
knowledge . 
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[0009] 

[Embodiment Example] 

An embodiment example of tlie present invention is 

illustrated in Fig. 1. in Fig. 1, raw water flows from a 
water passage A to an aeration tank 2, is subjected to 
aeration by air diffused from an air blowing pipe B 

provided with an airflow meter 3 and a blower 4 tlirough an 
air di f fusing pipe 5, oxidized by oxygen in air, and 
subsequently, guided into a settling basin or a filtration 
basin (not illustrated in the figure) through a water 
passage C. 

[0010] 

In the aerati on tank, a DO densitometer 6 is 

disposed, the indicated value Cpv thereof together with the 
indicated value Q s of the above flow meter 1 and the 
indicated value Q a of the above airflow meter 3 are 
transmitted into a control apparatus 7, which calculates 
the objective value Q sv of the blow amount of air by the 
following calculation, and, based on the calculated value, 
controls the flow amount of an air blower 4. 

[0011] 

Fig. 2 indicates operation mea ns of calculations 
executed in the control apparatus 7, the DO concentration 
Cpv that is the indication value of the DO densitometer 6 
is input into operation means 8 calculating DO deviation 
value E t that is the difference between the indication 
value and the objective value C sv thereof by the following 
formula (1) , and operation means 9 calculating DO change 
rate d that is the changing speed of the DO concentration 
Cpv by the following formula (2), at the same time. 

Et = C PV ~ C sv 

(1) 

d = Cpv " Cpv' 

(2) 

Where, C pv' is the DO concentration at the time of the 
former control . 

[0012] 

Next, the flow amount Q s of raw water that is the 
indication value of the flowmeter 1 measuring the flow 
amount of raw water, and the air blow amount Qa that is the 
indication value of the airflow meter 3 measuring the flow 
amount of air sent into the aeration tank 2, are input into 
operation means 10 calculating air magnification e obtained 
by the following division formula (3) : 

e = Q A / Q s 

(3) 

DO deviation E t and DO change rate d that are calculated 
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outputs of the operation means 8 and 9, respectively, are 
input into operation means 11 calculating air blow amount 
correction value q by using these and by the following 
formula (4) : 

q = Kp • d + Ki • Et 

(4) 

Where, Kp and Ki are control constants and values peculiar 
to a water treatment plant. 

[0013] 

Further, the DO deviation value E t, the DO change 
rate d, and the air magnification e that are calculated 
outputs of the operation means 8, 9 and 10, respectively 
are input into below described operation means 12 
calculating a correction factor K which corrects the set 
value of the blow amount of air from these values by fuzzy 
inference as described below, 

[0014] 

In the operation means 12, each grade of members is 
calculated using membership functions as illustrated in 
Fig. 3A, 3B and 3C. Next, for example, from the following 
group of inference regulations, an inference regulation in 
which the condition part of a membership function is 
satisfied is selected every predetermined control periods, 
and combination calculation of the membership functions is 
performed using, for example, weighted average method, and 
the correction factor K is obtained according to Fig. 3D. 
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(5) 

The obtained correction coefficient K, the indication value 
of the air flow meter Q a/ and the air blow amount 

correction value q that is the output of the operation 
means 11 in Fig. 2 are input into the operation means 12 
calculating air blow amount set value Q am by the following 
formula (6) : 

Qam = K • (Qa + q) 

(6) 

The air blow amount set value Q am obtained by the above 
mentioned operation is set in the blower 4 from the control 
apparatus 7, and this causes the blow amount of air of the 
blower 4 to be controlled. 
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[0015] 

Pigs. 4A, 4B and 4C are graphs illustrating the 
results when the control apparatus of the present invention 
is applied to an active sludge method-black water treatment 
plant, respectively; Fig. 4A is a graph illustrating an 
example of fluctuation pattern of the flow amount Qs of raw 
water flowing into the aeration tank of the active sludge 
method-black water treatment plant; and Figs. 4B and 4C are 
graphs illustrating fluctuation of DO concentration when 
the control apparatus of the present invention is used, and 
when prior art DO constant feed back control is used, 
respectively. 

[0016] 

As is clear from the figures, in the latter case, 
since when the load is increased abruptly and decreased 
abruptly, delay in response is large, it is not impossible 
to follow the fluctuation of the oxygen utilizing mode of 
active sludge. On the contrary, when the control apparatus 
of the present invention is used, since the set value of 
the air blow amount is corrected with a correction factor 
calculated by inference in which experiences in the active 
sludge method-black water treatment plant are put into 
regulations, the DO concentration is very stable. 

[0017] 

[Effect of the Invention] 

As described above, according to the present 
invention, since even if fluctuation in load is large, the 
DO concentration in an aeration tank is stabilized, thus, 
active sludge can always utilize needed volume of oxygen 
when it is necessary, efficiency in treatment can be kept 
in high level, this enables a high performance control 
apparatus of water treatment plant to be obtained, which 
can stabilize the quality of the treated black water and 
cause the treated water to be more clear. 

[Brief Description of the Drawings] 

[Fig. 1 ] is a block diagram illustrating an 
embodiment example of the present invention. 

[Fig. 2 ] is a view illustrating a procedure of 
control operation in the present invention. 

[Fig. 3] Figs. 3A to 3D are graphs describing 
operation means calculating air blow amount set value and 
correction factor, which is a constituent of the present 
invention . 

[Fig. 4] Figs. 4A to 4C are graphs describing 
controlled results when the present invention is applied to 
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an active sludge method-black water treatment plant. 
[Description of the Reference Numerals] 



1 FLOWMETER 

2 AERATION TANK 

3 AIRFLOW METER 

4 BOLWER 

5 AIR DISFFUSING PIPE 

6 DO DENSITOMETER 

7 CONTROL APPARATUS 

8 to 13 OPERATION MEANS 
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[Fig.l] 
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